The paper presents the results of long-term observations made on selected populations of two high-mountain Euphrasia species. The monitoring was conducted during 2002-2016 in ranges of the Polish parts of the Carpathians and Sudetes. Field studies revealed periodical occurrence and disappearance of populations in the localities for one or more seasons, which may be connected with the life cycle of annual plants. The phenomena of periodicity occurrence and seed dormancy and their consequences are discussed.
Introduction
The genus Euphrasia (eyebright) is represented by ca. 350 species worldwide (Fischer 2004) . High-mountain eyebright species occur at altitudes up to 4 450 m a.s.l. in the Himalayas (Li 1953) . In Europe, eyebright species have been found in almost all mountain ranges at altitudes as high as 2 700 m a.s.l. (in the Alps) (Yeo 1978) . There are 11 species of eyebright in Poland (Posz 2014 (Posz , 2016 , three of which, E. minima Jacq., E. picta Wimm. and E. corcontica (Smejkal) Smejkal et 'YRőiNRYi DUH KLJKPRXQWDLQ VSHFLHV 7KHVH VSHFLHV are typical for siliceous bedrock. The range of E. salisburgensis Funck is also limited to mountain areas, but it prefers calcareous bedrock.
European eyebrights are small, semi-parasitic herbaceous annuals, which range in height from several centimetres to nearly twenty centimetres. The dou-EOHOLSSHG GRUVLYHQWUDO ÁRZHUV DUH PRVW RIWHQ ZKLWH (though occasionally yellow or blue), with a yellow spot on the lower petal, with individual leaves situated radially around the stem (Figure 1 ). Eyebrights are therophytes, meaning that their entire life cycle from germination to producing their own seeds takes place within a single growing season. After producing seeds, the plants die off, creating a soil seed bank.
Given the high number of differences found within individual species, the high number of hybrids, and their overlapping ranges, it should be said that Euphrasia JHQXV WD[D DUH GLIÀFXOW WR LGHQWLI\ 7KH H[LVWHQFH RI atypical forms, probably as a result of semi-parasitism, creates additional problems. Their morphological WUDLWV QXPEHU RI ÁRZHUV EUDQFKHV KHLJKW GHSHQG RQ the presence or absence of host plants (Crosby-Brown 1950; Philipson 1959; Wilkins 1963; Yeo 1961 Yeo , 1964 . 3DUDVLWLVP FRQWULEXWHV WR VLJQLÀFDQW PRUSKRORJLFDO GLversity even within one population.
Field studies over many years revealed the periodical occurrence and disappearance, for one or several seasons, of certain populations in the localities. This phenomenon was called periodicity (Posz 2014; Proszkiewicz 2006) and is probably connected with the annual life cycle and seed dormancy in the soil seed bank. The possibility of germination (particularly for therophytes) has been investigated for different species by many scientists (Symonides 1989; Fenner 7KRPSVRQ 0DQ\ IDFWRUV KDYH DQ LQÁXHQFH on germination, such as soil temperature, moisture level, the impact of the surrounding plant communities, microbes or fungi (Rees & Long 1992; Egley 1995; Fenner & Thompson 2005) . Observations of seed dormancy and germination behaviour of the genus Euphrasia have been made, but only with regard to seeds collected from nature and sowed in greenhouses, gardens, pots or Petri dishes (Yeo 1961 (Yeo , 1964 Liebst & Schneller 2008) . Periodicity of populations LQ WKH QDWXUDO ORFDO DUHD ZDV ÀUVW REVHUYHG GXULQJ WKH FXUUHQW VWXG\ 7KLV ZDV DOVR WKH ÀUVW WLPH WKDW WKH VSH-cies had been systematically monitored. Furthermore, the study demonstrated that dormancy (i. e. the seeds lying in the soil, and the plant not appearing in a locality) may last for several years.
The aim of the monitoring programme was to de-WHUPLQH ZKHWKHU VXFK VLJQLÀFDQW ÁXFWXDWLRQV LQ SRSXlation numbers, including the absence of the plant from a locality, are an isolated anomaly, or whether they occur regularly and are part of the eyebright's survival strategy. The research question was: Does the periodicity phenomenon affect our understanding of this genus? The study also looked at the duration and frequency of these dormant periods, as well as the number of the SODQWV DQG ZKHWKHU WKH\ ÁRZHUHG DQG VHW IUXLWV ZKHQ they emerged at a locality after a period of absence.
Two species E. picta and E. minima, especially valuable botanically in Poland, were studied. These are, however, typically highland species, and in Poland they appear only within a small distribution range and not in great numbers. As the localities at which these species grow occur within national parks, the species are not under special protection in Poland. They are, however, recognized as a valuable part of the ecosystem and appear on Polish regional lists of rare and endangered plants (Pender 2003) .
E. picta is an exceptionally rare species in Poland, FRQÀUPHG LQ UHFHQW \HDUV RQO\ DW D IHZ VLWHV LQ WKH Tatra and Bieszczady Mountain ranges. Due to changes in the forest management of the areas where the species is found, the localities have deteriorated, and the species is being pushed out by others. It is thus essential to discover whether the species is going extinct, or whether the absence of the plant at the locality is a temporary natural phenomenon.
E. minima LV D VSHFLHV ZKLFK KDV EHHQ FRQÀUPHG during the on-going multi-year study at numerous sites in the Tatras, at many of which, however, it appears irregularly, with breaks of several years.
Materials and methods
Taxonomical studies and local research on Euphrasia species have been made in the Polish part of the Carpathians and the Sudetes since 2001 (Posz 2014 ). In addition, some sites of E. picta and E. minima have been regularly monitored in the Karkonosze, the Bieszczady, the Tatras and on Mt Babia Góra (Figure 2) . The areas of local research are protected areas: the Karkonosze National Park (NP), Tatra NP, Babia Góra NP and Bieszczady NP.
Monitoring of the changes in the abundance and disappearance of populations was carried out in the Tatras, the Bieszczady and on Mt Babia Góra (in the Carpathians) from 2002 to 2015, and from 2008 to 2016 in the Karkonosze (the Sudetes). It was conducted every year in late July / early August. Before late (Perzanowska 2010) . This method is used successfully in the moni-WRULQJ RI RWKHU YDVFXODU SODQWV FODVVLÀHG IRU PRQLtoring as part of the Natura 2000 programme (Perzanowska 2010 (Perzanowska , 2012a (Perzanowska , 2012b .
Studies were conducted at 14 sites for E. picta (Mt Babia Góra, the Bieszczady, the Tatras) and at 17 sites for E. minima (Mt Babia Góra, the Karkonosze, the Tatras). The observations were carried out in order to FRQÀUP WKH SUHVHQFH RI D Euphrasia population in a given locality, to determine the population's abundance (counting of individuals), and to analyse the condition of individual plants (checking whether plants had ÁRZHUHG DQG VHW IUXLW FDSVXOHV ,Q DGGLWLRQ SKRWRgraphic documentation of the sites was carried out every year. Plants collected from these localities at the beginning of the research for the purpose of species LGHQWLÀFDWLRQ ZHUH GHSRVLWHG LQ WKH KHUEDULXP RI WKH Institute of Botany, Jagiellonian University in Kraków (Posz 2014; Proszkiewicz 2006) .
Historical data pertaining to some localities were gained from research (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) 
Results
Studies on the distribution of E. minima in the Tatras carried out in 2002 and 2003 rendered few results (Table 1) . Only a few localities for this species were discovered, despite the fact that herbarium collections (KRA, KRAM) contain a considerable number of sheets for this taxon. However, in 2004, there was a mass occurrence of this species on mountain pastures, rocks and even at the sides of trails. Specimens were also collected from sites documented in Schube (1897) . The next locality of the species (two populations) to be discov-HUHG LQ ZDV RQ 5yZQLD SRG OEQLHůNĊ WKH 3ODWHDX XQGHU 0W OEQLHůND 3RV] DQG LQ \HW DQother population was found, 300 m from the Równia SRG OEQLHůNĊ RQH EHWZHHQ 0W .RSD DQG 5yZQLD SRG OEQLHůNĊ ,Q IRU WKH ÀUVW WLPH QR SODQWV ZHUH UH-FRUGHG LQ 0Dâ\ OEQLHůQ\ .RFLRâ DOWKRXJK LQ WKHLU abundance there was relatively high. Plants were observed in 2016, but the population was not numerous.
Changes in the population abundance and even the disappearance of some of them were also observed for another mountain taxon -E. picta. In the Tatras 7DEOH D ODUJH VWDEOH SRSXODWLRQ FRQÀUPHG E\ KHUbarium collections (KRA, KRAM) is located on Mt 6DUQLD 6NDâD WKH 'HHU 5RFN 0W ZKLOH WKH SRSXODWLRQ Tarnica, 
Discussion and conclusions
Monitoring indicated that huge changes in plant numbers, including the total absence of the species from a locality is a normal phenomenon for highland eyebrights. These dormant periods, when no single plant of the species is observed at a locality, may be quite long, lasting for several years. It has been shown that the condition of the plants on reappearance is very JRRG L H WKH\ ÁRZHU SURIXVHO\ DQG IRUP FDSVXOHV The fact that many of the populations found by Zemanek and Winnicki (1999) in Bieszczady cannot FXUUHQWO\ EH FRQÀUPHG PD\ EH DVVRFLDWHG QRW RQO\ with periodicity but also with natural succession in high mountain pastures caused by altered land use and the abandoning of pastures.
Periodicity is most probably connected with the creation of soil seed banks by Euphrasia species (Liebst & Schneller 2008) , which is associated with the annual life cycle. Many years' dormancy of seeds in the soil was observed earlier, during their experimental cultivation from host plants in pots, greenhouses and gardens (Vitek 1998; Wilkins 1963; Yeo 1964; Liebst & Schneller 2008) . In the high-mountain species under study, E. minima and E. salisburgensis (Liebst & Schneller 2008) , the dormancy period lasted ca. three years, while in the low-land species E. stricta D. Wolff. ex F. Lehm. seed germination was observed up WR ÀYH\HDUV DIWHU VRZLQJ 9LWHN
Knowledge about the periodicity phenomenon as seen in relation to the eyebright has a special sig-QLÀFDQFH LQ WKH SURFHVV RI HVWLPDWLQJ HQYLURQPHQWDO resources in protected areas (for example NPs or Nature 2000 areas), as described in the European Habitats Directive. So far, periodicity has not been taken into account in studies of the distribution of eyebright VSHFLHV LQ D GHÀQHG DUHD &RQVHTXHQWO\ LQ RUGHU WR gain a fuller and more accurate understanding of Euphrasia distribution, studies of the same area should EH FRQGXFWHG FRQWLQXRXVO\ IRU DW OHDVW IRXU WR ÀYH years. Floristic 1-or 2-year studies are often insuf-ÀFLHQW :
LGH ÁXFWXDWLRQV RI SRSXODWLRQ DEXQGDQFH and sometimes population disappearance for several years, can be a cause of incorrect evaluation of the population's condition and, consequently, the species' status in a given area. Excessive tourism and natural rock erosion of the habitat are usually suggested as WKH PDLQ IDFWRUV FDXVLQJ D GUDVWLF GURS RU ÁXFWXDWLRQ in a population. 
